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(57) Abstract: A polarization preserving optical fiber and an absolute single polarization optical fiber capable of transmission over 
a long distance with the polarization condition of a signal light kept preserved. The polarization preserving optical fiber comprises 
a core unit (1 1), a photonic crystal structure clad (12) and a jacket unit (13). The photonic crystal structure clad (12) is divided 
into four divided portions (12a, 12b, 12c, 12d) divided by broken lines extending from the center toward the outer periphery. The 
diameter (d2) of lattice holes (14a, 14c) in the vicinity of the core unit (1 1) out of a plurality of lattice holes provided by a pair of 
divided portions (12a) and (12c) facing each other across the core unit (1 1 ) is larger than the diameter (dl) of a lattice holes provided 
by the other pair of facing divided portions (12b, 12d) and larger than a lattice interval (A). 



WO 03/029854 Al llllillllllllBlllllllllllilllininiiBII 



(84) m&m(&W): 3-D-y/<f$ff (AT,BE,BG,CH,CY, 
CZ, DE, DK, EE, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE, SK, TR). 

*tt&H*flh 



(57) - 

«^5tt©«^«!8 L * * , *E»T<&e&a«Ilgfc0ife&i**te 77-f 
(11) , 7* h-ytmSkmj&ir?? H* (12) isXZfit + iry h& (13) 

7* h-vzm&mj&z^y h (12) w\ «M>a»&*Mi 

^l6]*^a[*lCJ:D»*JStlfc40©»W«» (1 2 a. 12 b, 12 c, 12 
d) nTH£. 3 "7 SB (11) £&A,T*f|Srt5— tt<Dft$l&ft (1.2 

a) (12 c) a**-r3*8©#TF?L©'3-£, (11) fi^Oft-T- 

JL (14a, 14c) ©8 (d2) H ttftT<5ffi©-*ftf>#Ii]gS# (12b. 
1 2d) jW-r^fc^TLOS (d 1) <fcDfc;*c£<, ^oft^lSlHI (A) .fcDfc 



WO 03/029854 



PCT/JP02/09970 



m m m 

ZWffifoU&ytyT't noMWftfcCtLTH PANDA 7 7'f/W»6tlT 
L,*>U PANDA 7 «Sfiifig*7?ft 7 r (^7^F) © 

s t ^ 5 s*&ft«*^i 1 1*. m\z. mmzfo-tjtfj3-tt&ms& 
ts&mmfc&ftft? ^<D£M&*mf2>±%t<ii^mtif<si'oT^z>o z\<d& 

ofcm&frZ, PANDA 7 7-fA'O«tSliM0^- ; E-H7 7'f A'Ol 0 O^K 
±Kl*>&oTV>3. PANDA 7 r< A^jgfc^oT^C-Sit^M^- H© 

SoT, PANDA 7 7-f/^l M#/^X^miSI»Ct>fcc»X#-ii&^^L 



WO 03/029854 PCT/JP02/09970 

2 

TV>&v> 8 d<E><fc5& PANDA 7W/XK:£tt*«3ftCDBJitefc**, 

7&2 5y H4 2 43<J:i!>*> fj r^.y 4 3^&^^tlT^^. I^K^T, 

^fd^4 2a, 42b, 4 2 c *5£^4 2 d iZftrnZtlX^Zo 

cC^»4 2a, 4 2 b, 4 2 c & <£?>*4 2 d \Z&^X. m*OEPXm~t 

4 2 a££T>*4 2 c^ttS^-te^TL^d 2 te, ^nKBSgrTSlg 2 
<2^P^£#Mg&#4 2 b£J;^4 2 cll:^l7§Mf ?L©Hd 1 £D fe^c^Vi 

(d2>di) o £©<t 5 ^jgi-r^cit-e, x^ty^rsitc-eag^^^ 
wm&&*rrz&i\y£7 7'<rt} urn* w*, 2ooo¥«f«8M^a 

fgVlMTV^No. B-10-153) fc^^nTVi*. 

KftJB*f*Btt» 7 7^/^01^5 2^CD-(1& ; E— F (HEllx 

B= (0x-3y) /k (kttStf*) 

(d2/dl) a**^V>®£*#<fc£;i£#:fo^-5. (d2/dl) * 

2£(±tnciT, PANDA SI0»«Rf3t7T-f Ai:ra^K±©«fi*ftt 

(PANDA MX 5 X 1 0" 4 UM) *n$lPimx&Z>. (d2/dl) 



WO 03/029854 PCT/JP02/09970 

3 

(1) A. Ortigosa-Blanch, J. C. Knight, W. J. Wadsworth, J. Arriaga, B. J. 

Mangan, T. A. Birks, P. St. Russell "Highly birefringent photonic crystal 
fibers" Optics Letters, Vol. 25, pp. 1325-1327 (2000) 

( 2 ) S.B.Libori, J.Broeng, E.Knudsen, A.Bjarklev, "High-birefringent 
photonic crystal fiber "OFC 2001, TuM2, Anaheim (2001) 

±f£Xffi\zfEm-znrc{M$iU&yt7 t^a-omi^, -?-*venfg 3 mis & 
mmmmz^\,*TffifrnrcMm&m?o 

^ 3 I^J;^ 4 0CSt«^7 j^Af^^T, ^1 5 5 0nral; 

&vz*:-\!Mm$TmB<D*z2 mmm) ^n^n2. sxio- 3 m 
t£i . 5 X 1 0- 3 ~c&%> 0 

3£g £ U T n T £W (DM ft \zft^t 5 ct 5 \z 2> J&tid* & 3 o ^tUT, 



WO 03/029854 PCT/JP02/09970 

4 

oxh-^l:«to Tifi£j6fca-a*fg£ IT b * -5 £ V> 5 nfl}Q«« o fe. 3i 
W?L©5^©ffi©fc©©^ 0 < , a^Jfr^CDte^HHU: 0 *>*#^. 



WO 03/029854 PCT/JP02/09970 

5 

£7c, -»o*HF?L©gi, te^L©?^©^ 5 ^©^©*^ B>r^©;f£ 

JgCDM HI ft * frTEai b fcft??L*tt 5^5yHim fclfe^#-«% 

nT'OJHHfcKttStl&^y HTSoT> )t^3 7lii{;M§J;5 
£ © P«3 PS * & ttT@3?iJ b fc^?L&fT 5^7-;Hi6i ^«6» fllS^ 
7 *&^?L-©p^©v nT&^^MlRj-r-SraT^E^©--^©^ 

TJlomt, *^?L© 5 -£©f&©fc©©^cfcD a^Bfj£-©*fr?MIW«fc 



WO 03/029854 PCT/JP02/09970 

6 

*. 

Sd*nfc4^0^«ap^l 2 a, 12 b, 1 2 cfe<ktfl 2ds^6ttS. dCt, 
□ TSBl 1 *i*^T#lRrr*— 1 2 a££tfl 2 ca**t*«R© 

□ 7S 1 1 jfift Oftf JL 1 4 a *i 1 4 c Oft d 2 tt, 

1 1 1 2 b&cfctfl 2 ddftjrrS^JLO 

gduo^t<i^nT^5. ic, #id«$n 2 a*£# i 2 cj&**rr 



WO 03/029854 PCT/JP02/09970 

7 

^WMA«kDfe**fcM*3rr 5&^?Ll 4 a*5j;?>*l 4c«m 

5 £\ te©te^?L©ie&£©w«£*ae>*&K#**s. I5@ic*t^n 

d 1 + d 2 < 2 A 

nT^teifiiE© 2 ^©JfrraoM&fc? MIHA J; 0 < « H 
10 £©<fc 5 7 r-TA'H Mx. Low- loss, 2-km-long photonic 
crystal fiber with zero GVD in the near IR suitable for picosecond pulse 
propagation at the 800 nm band," (H. Kubota, K. Suzuki, S. Kawanishi, M. 
Nakazawa, M. Tanaka, and M. Fujita, Tech. Digest of Conference on Lasers 
and Electro-optics (CLEO), CPD3, 2001) fcE*fc;&fciTVi£«fc 5 £u m%}<D7* 

20 3 o^^nsiM 1 37 2 o§^$ni.is 

i5ia*-srrs. tot, M#©««wti^M&$n, v^-rn^-^©^T 

H dT> 3te»fS« 3 RtXn T 2 ©H¥fc*BttfcmXT*iMtt£ffiffl i 
TV>S%>©T?&"3"T\ *Afc©S&fcWStt©fi£©l. 3~5. O^StM 



WO 03/029854 PCT/JP02/09970 

8 

1. 9 //m<fc Lfc. gd2^3. 6 Mm, 4. O^m, 4. 4£tm:fe < £L£ 

5 4. 7 Mm^Ttf^frofc, £©fHH£*«» ^nit©ftl2 0 1, 
2 0 2, 2 0 3*3<£tf 2 0 4l^$ntV^ t ^ffl^ 1 2 a£>J;tf 1 2 c lc43 

io ffimBvmmm&^-rp^yx'&Zo ^m\z^-rmx^>y°j\^y7^^hvx, 

&?mMA&4 Aim, ^#J^1 2b^ctlXl 2 d^Ol&WLOSd 1^1. 9 
Mm, ##m$#l 2 a&J;^ 1 2 c tcfett^3Tifi#©^?L(D^d 2^*4. 7 
Ai mO®®.$m%y 7 -f ViT^^fr-p fco 

15 LTV^o £7c, 5 5 0 nm^fett^^-HlftS^B^ 

l. 4X10" 3 T&D, ^S^J:Dfe^:^^M^t#e.nTV^c:t^/0^ o 

WLtt. ^5E^-r^dFL©r9-f!l^l 2 a£>J;tf 1 2 c\Z&tfZ>n7 1 1 

20 1 4 a&£?>*i 4 c (D—mtrzumjmnmiz, t;ps— 

j:d, &mmzm\£t£nftj&fr&&z>mmmasLi£n* ^mm^^m^^ 

m9m\z7jk-r&5iz, 371 iia§o^?Li 4 a^<k^i 4 c 
25 \z, mmm^m^z^tj:^ 2mm<DmM 8 0 1 &£z£8 0 2 ^mzm^tc^m 



WO 03/029854 PCT/JP02/09970 

9 



WO 03/029854 



PCT/JP02/09970 



10 

Mr & © m m 

iiflfBte^dFL©?^©, itfrfB:3 7£^T#ftT&MfB:3 7^©-M©te^?l 

3. ftMB— *f©»-??L©&£, «riB»-?3FL0 5*&©te©fe©©Si©*ltt, tftlB 
^©te^KJIB© D fe/h* 31 1 SW«tt*»*« 1 KlKtt©flHfc«8F 

WBft^a© "5 •& ©, t&tB3 T ftSEA/T«I^*r S t»E3 75E«©— »©*??L 
©«tt, WE»^3 ! L©'5"6©ffi©'b©©fiE«fc0 jfrotMBBfjeoflHTO 
MUD MSB— »©«HP?L©— #*&ttW;£©rtftlfc, &JSJBIJ1£@BL 

jfcJS 4 teffi*©#fi»m-HHatefc 7 /N% 

BfJfcOl&TWIW© 2 ffiFJ; 0 fe/M£ V> H <*: ZWWLtT 4 Kffi*©»»*— 
7. 37i, R3T©jaiHK:W!tt6txfc^7y KTf*oT, J6t»B37fcB!U 



WO 03/029854 PCT/JP02/09970 

11 

&ae>s ±3 izmfe<Dmm*&Kxmmvit&^3L&m-fz>2 : 7y Ft anuria 
m j^cd^f^ Rio 2 ^ d /jn 2 v> £ t ^#is: <t -r z> m&m 7 \zmm.(DmM^- 



WO 03/029854 



PCT/JP02/09970 



1/9 



42a- 




o o 



O O OQ 
.OOOOQOOOO 
O O Q/6 O O 
O Q'o o o^Q O 
^ o o o o fx 
o o o o o 




42b 



FIG.1 



WO 03/029854 



PCT/JP02/09970 



2/9 



B 10" 3 




ffifl.a©it(d2/di) 



FIG.2 



WO 03/029854 



PCT/JP02/09970 



3/9 




FIG.3 



WO 03/029854 



PCT/JP02/09970 



4/9 




FIG.4 



WO 03/029854 



PCT/JP02/09970 



5/9 



12 



O 



li 



14c 




f O X? o\ O O. 

b o bre&o, 

o o Q g^jroo 

o o 0/6 6\p o o 
p o p y b o o x o o 
& j6 o o o o Ho, 
o o o o o 



12b 

FIG.5 



6/9 




FIG.6 



WO 03/029854 



PCT/JP02/09970 



7/9 




FIG.7 



WO 03/029854 



PCT/JP02/09970 



8/9 



2.0X10* 



1.5X10* 



B 1.0X10* 



5.0X10-4 



0.0X10" 



n — r 



A=4/xm 
d1=1.9/im 
62=4.7 um 



i — i — r 



-| — i — r 




600 800 1000 1200 1400 

2&g(nm) 



1600 



1800 



FIG.8 



9/9 




FIG.9 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP02/09970 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 7 G02B6/16, G02B6/00 





According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED ' 
Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 G02B6/00-6/54 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2002 

Kokai Jitsuyo Shinan Koho 1971-2002 Jitsuyo Shinan Toroku Koho 1996-2002 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI, JICST, IEEE/IEE Electronic Library 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 00/49436 Al (THE UNIVERSITY OF BATH), 
24 August, 2000 (24.08.00), 



1-10 



Full 


text; all drawings 








& GB 


9903918 A 


& 


GB 


9903923 A 


& WO 


00/49435 Al 


& 


AU 


2565000 A 


& AU 


2564900 A 


& 


EP 


1153324 A 


& EP 


1153325 A 


& 


CN 


1341219 T 


& CN 


1341221 T 


& 


JP 


2002-537575 A 



P,A 



US 2001/26667 Al (Satoki Kawanishi) , 
04 October, 2001 (04.10.01), 
Full text; all drawings 
& JP 2001-318260 A 



1-10 



|~x*| Further documents are listed in the continuation of Box C. | [ See patent family annex. 



* Special categories of cited documents: "T* 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing "X" 

date 

U V document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other T 
special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later "&" 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
25 December, 2002 (25.12.02) 



Date of mailing of the international search report 

21 January, 2003 (21.01.03) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/1SA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/09970 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



LIBORI, Stig Barkou et al., "High-biref ringent 
photonic crystal fiber", In: Optical Fiber Communi 
-cation Conference and Exhibit, 2001 . OFC2001 , 
03/17/2001-03/22/2001, Vol.2, TuM2-Tl-3 

Norimoto KAWANISHI et al., "Henpa Hoji Kino o Yusuru 
Kuko Hikari Fiber", 2002 Nen The Institute of 
Electronics, Information and Communication 
Engineers Society Taikai Koen Ronbunshu 2, Society 
B2, The Institute of Electronics, Information and 
Communication Engineers, 07 September, 2000 (07. 09. 

00) , page 376 (B-10-153) 

SUZUKI , K. et al., "High-speed bi-directional 
polarisation division multiplexed optical trans 
-mission in ultra low-loss (1 . 3dB/km) polarisation- 
maintaining photonic crystal fibre", 
In: Electronics Letters, 08 November, 2001 (08.11. 

01) , Vol.37, No. 23, pages 1399 to 1401 



1-9 



1-9 



1-3 
4-9 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



m^mm^ PCT/JP02/099 70 



a. &m<om-rz>ftmoftm mwm&m. (i pc) ) 

Int. CI 7 G02B 6/16, GQ2B 6/00 



Int. CI 7 GQ2B 6/00 - 6/54 



B^m^mmm^m 1922-1996^ 

B*B^0B3UBSr3g-&« 1 9 71-200 2^ 

B*HSI&llffi*f3fe^a 1994-200 

B#B5Sffl£r£SfflW3f$& 1996-200 2#- 



WPK JICST, I E EE/ I E E Electronic Library 



C. 



WO 00/4 9 4 3 6 Al (THE UNIVERSITY 
OF BATH) 2 00 0.8.24, ^Hl 
&GB 9903918 A & GB 9903923 A 
& WO 0 0/4 9 4 3 5 Al 

& AU 2 56 5000 A& AU 2564900A 
& E P 1 1 5 3 3 2 4 A & E P 1153325 A 
& CN 1341219 T&CN 1341221 T 
& JP 200 2-537575 A 



1-10 



0 cwo^tct5:^s^$jx-c^5. 



tej squish m<Dmm$.tn*<fifr?hz>i>K m&mma 
rpj nRHWBaa-?* t^m^m<D^m<osm ktuz&m 



mm t *m-j-z t ©-mfc < % BnoJKaxttatt 



r&j Pi- 



ll KSSaSSrSfeT L-fc B 



2 5. 12. 0 2 



HBSfi^^ojgaiB 2lo0l.03 



H*Ba«ffr/r (I SA/J P) 
SS-KS^l 0 0-8 9 1 5 
JlCWFFft m E®« S §IHT I4f3f 




2K 9 5 19 



ffilS#-§- 03-3581-1101 



3 2 5 3 



i«PCT/ISA/2 10 (12^-0 (1 9 9 8^7^) 





BI£tiJM#-S§- PCT/J P 0 2/0 9 9 7 0 










PA 
A 

A 

PX 
PY 


US 200 1/2 6 66 7 AKSatoki Kawanis 
h i ) 2 0 0 1 . 10.04, ^® 
& JP 2001-318260 A 

LIBORI, Stig Barkou et al, 'Hi g h- 
birefringent photonic crystal 
fiber' I n : Op t i c a 1 Fiber Co mm u n i c 
at ion Conference and Exhibit, 200 
1.OFC2 0 0 1.0 3/1 7/2 0 0 1-0 3/2 2/2 00 
1, Vol. 2, TuM2-T 1-3 

)\m mm wi*,) , mm^mm^ir^iL%-7T^^\ 2 
002 ^m^mmm^ y v-^t * ^mmmxm 2 , y im- ^ 
f^B2, ttm&A m^-mnmm^, 2000^ 9^70, 

p. 3 7 6 (B- 1 0-15 3) 

SUZUKI, K. et al, 'High-speed bi-d 
irectional polarisation divisio 
n multiplexed optical transmis 
sion in ultra lo w- 1 o s s (1. 3 d B/km) p o 1 
arisation -m aintaining photonic 
crystal fibre' In:Electronics Le 
t t e r s , 2 0 0 1 . .1 -=1 . 8, Vol. 37, No. 23, p. 13 
9 9-1 40 1 


1-10 
1-9 

1-9 

1-3 
4-9 



«iPCT/ISA/210 G&2-i— S?«Hft*) (1 9 98f7|) 



